Background: Vitamin D deficiency is known to increase the incidence of metabolic syndrome. Nonalcoholic fatty liver disease is a common metabolic disease in patients with type 2 diabetes. This study evaluated nonalcoholic fatty liver disease and abdominal fat accumulation according to 25-hydroxyvitamin D status in patients with type 2 diabetes. Methods: The study comprised 302 patients with type 2 diabetes. Patients were divided into three groups based upon their 25-hydroxyvitamin D status: vitamin D deficient group (<10 ng/mL), vitamin D insufficient group (≥10 to <20 ng/mL) and vitamin D sufficient group (≥20 ng/mL). Patient clinical and laboratory markers were evaluated retrospectively. Results: Visceral fat thickness was significantly higher in the vitamin D deficient group. There were no differences in glycemic control, body mass index, and subcutaneous fat thickness correlated with 25-hydroxyvitamin D status. The prevalence of nonalcoholic fatty liver disease was significantly higher in the vitamin D deficient group compared to the vitamin D sufficient and vitamin D insufficient groups. In multivariate logistic analysis, after adjustment for age, sex, body mass index, glycated hemoglobin and homeostasis model assessment of insulin resistance, patients with type 2 diabetes in the vitamin D sufficient group showed significantly lower odds ratio for nonalcoholic fatty liver disease than those within the vitamin D deficient group. Conclusion: In type 2 diabetes, the vitamin D deficient group showed thicker visceral fat thickness and higher nonalcoholic fatty liver disease prevalence.
INTRODUCTION
Recently, vitamin D has been studied as an important factor in the development of many diseases, and its importance is not limited to its classic role in bone health. Many previous works have shown an association between vitamin D deficiency or insufficiency and many disease like cardiovascular disease 1, 2 , cancer 3, 4 , and infection. 5 The relationship between vitamin D levels and the development of type 2 diabetes mellitus [6] [7] [8] and metabolic syndrome [9] [10] [11] has also been a recent focus and many studies have reported that low vitamin D levels are associated with insulin resistance and the onset of metabolic syndrome.
Nonalcoholic fatty liver disease (NAFLD) is a metabolic disease of liver associated with insulin resistance. NAFLD is a common condition among patients with type 2 diabetes and according to a meta-analysis reported in 2016, its comorbidity with type 2 diabe-diovascular disease. 13, 14 Previous studies have shown that lower levels of vitamin D may contribute to NAFLD and abdominal obesity. 10, [15] [16] [17] Furthermore, the negative effect of low vitamin D levels on insulin resistance and vascular complications of type 2 diabetes has recently been suggested. [18] [19] [20] Still, the underlying mechanism for the association between vitamin D levels and NAFLD is not entirely known and more human research is needed. In this study, we evaluated NAFLD and abdominal fat accumulation according to vitamin D status in patients with type 2 diabetes.
METHODS

Subjects
Data from patients with type 2 diabetes who visited the diabetes clinic at Soonchunhyang University Bucheon Hospital from 2011 to 2014 were analyzed retrospectively. Patients with type 2 diabetes (n = 995) who underwent regular outpatient clinic follow-up for more than 2 years were included. The following patients were excluded: (1) patients (n = 378) in whom abdominal ultrasonography was not performed, (2) those (n = 92) who were taking calcium, vitamin D supplementation or osteoporosis therapies or had uncontrolled thyroid or parathyroid disease, (3) those (n = 120) in whom serum vitamin D levels were not measured, and (4) those (n = 103) who had other chronic liver diseases, any viral hepatitis patients and viral carriers, hemochromatosis patients, any hepatic malignancy patients and alcoholic liver disease patients or heavy alcohol drinkers (more than 140 g/wk of pure alcohol).
The remaining 302 patients with type 2 diabetes were ultimately included. We used patient medical records to carefully review their demographic and biochemical data. This study was approved by the Institutional Review Board of Soonchunhyang University Bucheon Hospital (IRB No. 2017-10-020). The informed consent was exempted from the Institutional Review Board because this study is a retrospective and analytical study. 36.4% vs. 64.0%, P = 0.001) (Fig. 2) . In multivariate logistic analy- (Table 3) .
Laboratory biomarker measurements
DISCUSSION
According to the Fourth Korea National Health and Nutrition
Examination Surveys (KNHANES IV), vitamin D insufficiency is very common among Koreans. 24 In our cohort, only 22.5% of pa- These results are thought to be inconsistent due to differences in race, ethnicity, obesity and nutritional status. For our current study, since the participants were patients with type 2 diabetes, previous usage of oral hypoglycemic agents may have interfered with the HOMA-IR results.
Our current study has several limitations. First, since our study was designed to be cross-sectional, we could not determine the causal relationship between vitamin D levels and NAFLD and abdominal visceral fat accumulation. Second, due to the lack of data, we could not classify NAFLD by severity. Other possible important factors confounding the vitamin D levels, like outside activity, dietary habits and seasonal variations in vitamin D, were also not included in our study. Sex difference also is an important factor.
Stadlmayr et al. 37 reported that vitamin D levels are independently associated with type 2 diabetes in women, but not in men. Verdoia et al. 38 also reported that lower vitamin D levels in women play a more relevant role in conditioning the severity of coronary artery disease than in men. Also, as previously known, sex is an important factor in the assessment of abdominal fat and NAFLD. However, in our current study, probably due to lack of data, we could not derive significant results from differences in sex. Nevertheless, we adjusted for sex difference in our multivariate logistic analysis of vitamin D and NAFLD. Due to lack of data, the above-mentioned factor including the sex difference should be investigated in a future study.
Finally, since our study was based on a single clinical center, there is a possibility of selection bias on the results. Nonetheless, this single-center study also conferred a high degree of consistency with respect to laboratory data and the evaluation of NAFLD.
Despite these limitations, our study has strength in that the pa- 
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